INTRODUCTION
Nowadays, the main objective in the design of lighting poles is to ensure maximum safety for the users of roads and their surroundings. As a result of such an approach new structures of lighting poles must be tested on crash tracks according to European Standard EN 12767. Due to these requirements, the implementation of a new pole structure is both time-consuming and very costly. With such a fastgrowing market, implementation time is becoming a very important criterion, therefore the initial testing phase is being replaced by numerical calculations in order to reduce implementation time and costs.
The paper presents anew construction of lighting poles and comparison of the empirical crash tests with numerical simulations. The study is focused on cheaper and easier to manufacture non-energy absorbing poles. This paper is a continuation of the previous studies concentrated on the structure of a special connection of a pole with the ground called "Slip base". Slip base tests were accomplished successfully but manufacturing of such a pole is from 20% up to 30% more expensive compared to the standard structure. The next step consists in performing numerical analyses of low and high energy absorption poles.
Due to the industrial character of the problem the literature addressing crash tests and numerical calculations of lighting poles is not very rich. Nonetheless, one can find papers closely related to the design of the lighting poles. The numerical analysis of the aluminum poles is presented in [1] . The paper [2] focuses on the concrete foundation with special shape connection made from aluminum alloy. Guidelines for preparation and evaluation of crash tests results and tensile tests are described in European Standards [3] [4] [5] . The general issues of the strength of materials are described in [6] . Moreover, the studies of similar nature dealing with the poles, however, made of wood and composite wood with glass fiber, are presented in [7] .
OBJECT OF THE STUDIES
The tested lighting pole is a newly designed modern structure fixed to a 1.2 m concrete foundation. The foundation was buried and the ground was compacted in 300 mm high layers. The pole with the welded square base plate is 6 m high, a peak diameter equals to 76 mm, the taper is of 14 mm/m. It was produced of S355 steel with a thickness of 2 mm and formed with special tools on the press brake and the longitudinal weld is made by laser welding. The base and the bracket are made of S235 steel. The base was welded by using the MAG method.
A bracket of a mass of 13 kg is mounted at the top of the pole. The total mass of the lighting poles is 45 kg. A fastener is fitted to the foundation consisting of a standard base. Such a fixation of the pole to the ground is a standard and most popular connection used in almost every pole.
A batch of steel from which the test poles were made was subjected to a static tensile test in order to determine the strength parameters. Two samples were taken from different parts of the steel coil to observe the distribution of mechanical properties over the length of the coil ( Table 1) . The results did not show any significant change in the parameters, moreover, they are very close to the standard parameters for this steel grade. The pole structure was designed not to absorb the kinetic energy of the vehicle, therefore, its function is to lose ground contact in the event of the vehicle impact. By breaking the connection with the ground, the pole absorbs minimum energy of the vehicle, and minimizes the danger of the driver's injury.
This structure is completely different from other nonenergy-absorbing poles. The solution consists in applying a thin-walled steel with higher strength parameters instead of special shaped connections, which complicates the structure and increases fabrication costs ( Figure 1 
EXPERIMENTAL TEST

Crash test facility
The crash test facility includes a specially designed buggy imitating the behavior of a conventional vehicle (Figure 2 ). The test trolley was subjected to crash tests and the reference point was the behavior of a conventional vehicle. The trolley was designed in such a way that it meets the requirements of [3] for the replacement of series production vehicles. Owing to this, the tests can always be performed with the same vehicle. It eliminates many factors interfering with results and disturbing the repeatability of measurements, which are characteristic for the tests with conventional used cars. During the test, acceleration factors are measured in three axes in the range of ± 600 g by an acceleration sensor and the rotational speed of the vehicle up to 50 rad/s by an angular speed sensor. All data is stored on a computer mounted on the vehicle with a sampling rate of 10000 Hz. In addition, the area of 6 m before and 12 m behind the point of the impact is recorded by two high-speed cameras (500 frames/sec and a resolution of 800x600 pixels). Recording of all the data is triggered by two contact sensors placed on the bumper of the buggy and on the surface of the pole. 
Test parameters
All crash tests were prepared in accordance with the assumptions of the standard EN 12767 [3] . Lighting poles are categorized with respect to the absorption of energy of the vehicle. In category HE and LE the driver's safety is defined from 1 (lowest safety level) to 3 (highest safety level) and additional 4 th for NE category depending on Theoretical Head Impact Velocity (THIV) and the Acceleration Severity Index (ASI). THIV is the theoretical speed of the driver's head when hitting the steering wheel, and is calculated from the negative g-forces and vehicle impact speed while ASI depends on the g-force accelerations in three axes:
Two tests were carried out on identical poles at an impact speed of 100 km/h. The pole was attached in such a way as to simulate the center impact of the vehicle leaving a road at an angle of 20 degrees.
Test results
The results of the both tests were similar. The measured impact velocity was 99.0 km/h and the velocity after 12 m from the impact point was 89.8 km/h. From measured data ASI=0.5 and the theoretical driver's head impact velocity on the interior of the vehicle THIV=10 km/h were calculated. These calculated values allow to classify the pole as a safe, non-absorbent 100NE3 structure (Figure 3, 4) .
The absorption of the kinetic energy of the vehicle by the pole was so low owing to the rupture of the connection between the pole and the ground. This is a desirable phenomenon for non-energy-absorbing poles. The use of the material of increased strength and thickness of 2 mm for the production of the pole caused that the rupture took place above the plane of the connection of the pole with the base.
From the diagram in Figure 4 we can observe that the speed of the vehicle after 100 ms was 90.9 km/h. Beyond 100 ms, the test vehicle was not in contact with the pole and therefore the further speed reduction was due to the rolling resistance of the vehicle. This resistance is not taken into account in the results analysis because sensor was resetting when the vehicle was rolling, just before the impact on the pole. Such an approach is intended to eliminate the influence of the rolling resistance and allows one to assume that the vehicle would move in uniform motion in case there was no impact. 
NUMERICAL SIMULATION
Ansys model
ANSYS with the explicit LS-DYNA solver is a program enabling analysis of complex problems including crash tests. In order to achieve a prescribed conformity of the numerical and experimental results, the elements affecting the results to the highest degree such as the vehicle crash areas and the pole together were modeled with high accuracy. The vehicle elements, which neither are deformed nor are deformed in considerable degree, were simplified ( Figure 5 ). All components were surface-modelled in SolidWorks and then imported into Ansys where material parameters and wall thickness were defined. Material parameters have been specified as follows: steel S355 was assigned to the pole and S235 to the rest of steel components (Table 2) . Ansys "Explicit dynamics" module was used for this calculation because it is predestined to calculate numerically high-speed phenomena with high plastic deformations.
After the mechanical parameters of the model had been prescribed, the mesh was generated. The default parameters of the system were not changed. During preliminary tests, the meshes for the pole and the vehicle bumper were compacted, however, during these tests where small plastic deformations occurred, any noticeable differences in the obtained results were observed.
The initial vehicle speed was equal to the vehicle speed in the real test. All components were subjected to the gravity force. Both the ground and the base of the pole were fixed at all edges without any degrees of freedom. This is a certain simplification, but for the purposes of the simulation, according to the standards [3] the connection between the pole and the ground was modelled as rigid (R) anchorage. Backfill type R identifies the use of a flat continuous rigid surface (such as asphalt and/or concrete) of a sufficient thickness to provide anchoring of the tested item without being displaced [3] .
Simulation results
The end time of the numerical calculation was set at 100 ms. It results from the fact that in the experimental studies the energy absorption by the pole was occurring only during the first 60 ms after the impact. Subsequently the pole lost contact with the vehicle. After 100 ms vehicles speed in numerical calculations was 91.05 km/h (Figures 6, 7) . The following frame photographs show deformations and displacements of the pole comparable to those observed in the empirical test. As can be seen in Figure 7 the numerical speed chart slightly deviates from the empirical values, but shows a similar trend and the difference in speed between vehicles after 100 ms is only 0.4 km/h. 
CONCLUSIONS
The new structure of the thin-walled pole made of highstrength material is optimized and technologically easy to implement, therefore one can state that the objective of cost reduction for the poles made in category 100NE3 has been satisfied.
The results of the experimental and numerical tests are comparable despite the model simplifications of the vehicle components that were not deformed during the test, which decreased the computation time significantly. The crash tests of the lighting poles characterized by their non-absorbent properties, for which the breaking strength limit of the material is exceeded, can be successfully replaced with numerical calculations. It significantly reduces the time of implementation of new products and simultaneously reduces the general costs of development.
The next step will be to perform numerical computations for the poles, whose task is to highly absorb the kinetic energy of the vehicle. The structure of these poles has already been developed and the static and fatigue bench strength tests have been carried out and successfully completed. Moreover, the tests at the collision test track have also given positive results and resulted in the certification.
